th birthday, and in recognition of our long standing friendship (received 05 May 00; accepted 13 Feb 00; published on the web 21 Feb 00) Abstract Pyrrole-3,4-dicarboxaldehydes react with aniline to produce "bis-imines" having a 3H-pyrrole structure, 3b. In contrast, pyrrole-2-carboxaldehyde and pyrrole-2,5-dicarboxaldehydes produce 1H-pyrrolylmethylenimines. Benzimidazolyl derivatives, are formed exclusively from the reaction of β-formylpyrroles with 1,2-diaminobenzene, while α-formylpyrroles form 2:1 bisimines or benzimidazoles depending upon the reaction conditions. Pyrrole-2,4-dicarboxaldehydes react with aniline preferentially at the 4-CHO group. With an excess of aniline, the bis-imine is produced.
Introduction
In earlier publications we reported the reaction of α-and β-formylpyrroles with aminoalkanes 2, 3 and with α,ω-diaminoalkanes 3, 4 and showed that, in the case of the reaction of 3,4-diformylpyrroles with a,w-diaminoalkanes, either 2 + 2 or 1 + 1 cycloadducts were formed depending upon the chain length of the diaminoalkanes. Additionally, we provided 13 C NMR evidence that the adducts existed as 3H-pyrroles 1b, instead of the expected 1H-pyrroles 1a. 3 The unexpected stability of the 3H-isomers appears to be derived mainly from a strong intramolecular H-bond, as shown in 1b. In contrast, 2-and 3-formyl-and 2,5-diformylpyrroles react with aliphatic amines to produce 1H-pyrrolyl-methylenimines, 2,4 although it has been 1 H and 13 C chemical shifts for the CH=N group at δ 8.27 and 154.7, respectively, differ by ca. +0.1 and -1.1 ppm, respectively, compared with the corresponding signals for analogous aliphatic imines. 3 In contrast, and analogous to its reaction with aliphatic amines, 2,5-dimethylpyrrole-3,4-dicarboxaldehyde reacts with aniline to produce the "bisimine", which exists predominantly in the 3H-pyrrole form 3b, as evident from the timeaveraged respectively. In contrast with its reaction with 1,2-diaminoethane, 3 2,5-dimethylpyrrole-3,4-dicarboxaldehyde reacted with 1,2-diaminobenzene to yield the 2-(4-formylpyrrol-3-yl)benzimidazole and the bis-benzimidazolyl derivative 4, with no evidence for a macrocyclic 2 + 2 imino adduct analogous to 1. The formation of the benzimidazolyl derivatives, obtained from b-formylpyrroles, is clearly confirmed by their 13 C NMR signals at d 144.7 ± 3.9. 6 It is probable that methylenimines are initially formed in equilibrium with the 1,2-dihydrobenzimidazolyl derivatives but, as the macrocyclic systems analogous to those formed with diaminoalkanes would be anti-aromatic, their formation is energetically unfavourable and a more favourable oxidation of the dihydrobenzimidazoles leads to the isolated aromatic products. The reaction of the 2-carboxaldehyde with 1,2-diaminobenzene has been described previously (e.g. refs. 7 -11), although there is some confusion with the reaction conditions required specifically to produce the thermally unstable bis-imine 5a or the benzimidazole 6; products having the same melting points have been described (without unequivocal spectral evidence) as having different structures. As with the pyrrol-3-yl isomers, the bis-imine and the benzimidazolyl derivatives are distinguished readily by their 1 H and 13 C NMR spectra ( Table 1 ). The addition of copper salts to the reaction of the aldehyde with 1,2-diaminobenzene does not act, as might be predicted, as a template for the formation of the bis-imine, but provides a favourable redox system for the conversion of the dihydrobenzimidazole, formed in equilibrium from the bisimine, into 6. As expected, 1,3-and 1,4-diaminobenzenes produced the bis-imines 5b and 5c. Pyrrole-2,5-dicarboxaldehydes are converted into the bis-imines 7a and 7b upon reaction with aniline but, as with the 3,4-dicarboxaldehydes, reaction with 1,2-diaminobenzene produced a complex mixture comprised mainly of 8 (δ C 142.0), together with a polymeric imine and the macrocyclic 2 + 2 imino adduct (δ H 8.22, δ C 150.0), analogous to that formed from the reaction of pyrrole-2,5-dicarboxaldehyde with a,w-diaminoalkanes. 4, 13 None of the products could be obtained in sufficiently pure condition for full characterisation.
Reactions of 1-methylpyrrole-2,4-dicarboxaldehyde
Predictably, reaction of the dialdehyde with an excess of aniline produces the bis-imine 12 but, when reacted with one equivalent of aniline, two mono-imines are produced in a ca. 2:1 ratio, as indicated by 1 H NMR spectral integration of the CHO and N-methyl signals. Comparison of the NMR spectral data (in particular, the 13 C NMR chemical shifts of the CH=N group) for the two mono-imines with those for analogous mono-imines 10b, 11b and 11c (Table 2) indicate that the major product is the imine 10a, while 11a is the minor product. 
Experimental Section
General Procedures. Unless indicated otherwise, 1 H spectra were measured for CDCl 3 solutions at 60, 100 or 270 MHz using JEOL PMX60SI, JEOL FX-100 JEOL JNM-EX-270 spectrometers and 13 C NMR spectra were obtained at 67.5 or 100 MHz using JEOL JNM-EX-270 or JEOL JNM-GX-400 spectrometers. All chemical shifts are recorded relative to Me4Si. Infrared spectral measurements were obtained for Nujol mulls using a Perkin-Elmer 577 spectrometer. High resolution mass spectral data were obtained under EI conditions at 70 eV with a AEI MS902 spectrometer. N-[(2,5-Dimethylpyrrol-3-yl)methylene]-N-phenylamine. Aniline (0.37 g, 4 mmol) and 2,5-dimethylpyrrole-3-carboxaldehyde (0.49 g, 4 mmol)in benzene (20 mL) were heated under reflux for 6 h in the presence of A4 molecular sieves and then kept at 15°C for 12 h.. The precipitated product was recrystallised from benzene to give the imine (0.55 g, 69%) as colourless needles, mp 185 -187°C. Anal. Calcd. for C 13 
